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High Efficiency. Oxidation Resistant Radio Frequency Susceptor 

Cross Reference to Related Applications 
This application is a continuation of U.S. Application 10/082,668 filed February 
25, 2002. 

Statement Regarding Federally Sponsored Research or Development 
The United States Government has rights in this invention pursuant to contract 
no. DE-AC05-00OR22725 between the United States Department of Energy and UT- 
Battelle, LLC. 

Technical Field 

[0001] The present invention relates to materials and components capable of absorbing 
and converting energy, and more particularly to the use of coated carbon foam 
susceptors that more effectively absorb radio frequency (RF) band energy and more 
effectively convert the RF energy into thermal band energy or sensible heat. The 
essentially non-permeable coating infiltrates onto all exposed surfaces of the carbon 
foam substrate and also serves as a corrosion or oxidation resistant barrier. 

Background of the Invention 

[0002] Typical RF susceptors used in RF furnaces are solid graphite substrate materials 
coated with a silicon carbide (SiC) layer. However, with the coefficient of thermal 
expansion of SiC being nearly 4 ppm/°C and graphite nearly 8 ppm/°C, there is 
significant problems with spalling and delamination of the coating, resulting in 
microcracks and porosity in the substrate and coatings. These microcracks permit 
oxygen to penetrate into the graphite substrate material and results in significant 
oxidation of the graphite substrate material at 1200°C. Therefore, current SiC coated 
graphite susceptors have a very limited life for processes involving RF heating in air 
such as glass manufacturing, optical fiber production, integrated circuit manufacturing, 
metal refining and forming, and waste incinerators. 
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[0003] U.S. Patent 5,154,970 to Kaplan et al discloses a high temperature resistant 
reticulated porous foam structure for use as a diesel emission particulate trap. The 
structure is coated with at least two layers of oxidation resistant coating. However, 
Kaplan et al. do not teach pitch-derived highly conductive graphitic foam articles having 
single layer coatings for use as a RF susceptor. 

[0004] Concurrently filed U.S. patent application entitled "Energy Converting Article and 
Method of Making" to Klett et al, hereby incorporated by reference, discloses articles 
similar to the instant invention but with carbon bonded carbon fiber surface coatings 
and does not teach a material or process wherein the coating is fully infiltrated and 
selected from the group consisting of silicon carbide and carbides formed from a Group 
IVA metal. 

Brief Summary of the Invention 

[0005] High conductivity carbon foam has been found to be a very efficient susceptor of 
radio frequency energy and therefore requires less power to reach high temperatures 
than does material such as graphite. The foam, when coated with silicon carbide, will 
also resist oxidation to a greater extent than will silicon carbide-coated graphite 
because the coating remains more adherent and crack-free, protecting the underlying 
carbon foam material. This invention reduces the energy needed in heating since the 
foam absorbs radio frequency energy more efficiently. The coated carbon foam allows 
the use of the susceptor in oxygen containing environments at very high temperatures, 
exceeding 1200 degrees Celsius. 

[0006] Other objects and advantages will be accomplished by the present invention, 
which is designed to create a pitch derived carbon foam substrate and a coating in 
intimate thermal and mechanical contact for the efficient absorption of radiation or 
thermal energy and the efficient conversion and transport of this energy for various 
engineering purposes. 
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Brief Description of the Drawings 

[0007] Further and other objects and advantages of the present invention will become 
apparent from the description contained herein, read together with the attached 
drawings in which: 

[0008] Fig. 1 is a graphed comparison of the power required to heat old SiC coated 
graphite susceptors and new SiC coated carbon foam susceptors to a desired 
temperature. 

[0009] Fig. 2 is a photograph of the old SiC coated graphite susceptor after RF 
processing. 

[0010] Fig. 3 is a photograph of the new SiC coated carbon foam susceptor after RF 
processing. 

Detailed Description of The Invention 

[001 1] Pitch derived graphite foam is shaped to an appropriate form for application as a 
susceptor. The foam component is then coated with a single layer of silicon carbide or 
a metal carbide formed from a Group IVA metal by, for example, chemical vapor 
deposition (CVD) or chemical vapor infiltration (CVI), to a thickness of approximately 10 
to 50 microns. This results in a coating that permeates all surfaces and interstitial 
spaces of the foam and thereby protects the carbon from oxidation at elevated 
temperatures. The low modulus of the foam, thin SiC or metal carbide coating and a 
overall coefficient of thermal expansion of approximately 2 ppm/°C yield a compliant 
composite material which resists stress cracking upon heating, thereby leaving an intact 
oxidation protection coating. The sample is now ready for use as a susceptor. 

Example I. 

[0012] A carbon foam preform was machined into dimensions of 25 mm dia. x 15 mm 
thick (mass of 3.21 grams) and placed in a CVD furnace for coating with Silicon 
Carbide. The sample was heated under vacuum to 1200°C. After steady state was 
reached, a reactant gas mixture of methyl-trichlorosilane at 0.3 g/min and hydrogen at 
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500 cm 3 /min was passed over the foam at a partial pressure of 30 torr for 5 hours. 
After the specified duration, the reactant gases were stopped and the furnace was 
placed under a vacuum and then cooled to room temperature. The overall final mass 
was 5.47 grams. Therefore, there was a 2.26 mass gain. Microscopic examination 
indicated a coating thickness of 10-50 microns throughout the entire volume. 
[0013] The coated sample was then placed in a RF furnace and placed under the RF 
loading. The power input versus temperature of the SiC-coated foam susceptor was 
measured and is plotted in Figure 1 . This same experiment was repeated for a solid 
graphite susceptor typically used by industry with a 10-50 microns coating of SiC. As 
can be seen the power levels for the foam susceptor are less than that of a traditional 
susceptor and therefore the foam is more efficient at converting the energy to heat. 
Figure 2 is a picture of the SiC-coated graphite susceptor typical used by industry after 
RF processing. Figure 3 is a picture of the SiC-coated carbon foam susceptor after RF 
processing. As can be seen, the carbon foam susceptor remains intact after RF 
processing, and the graphite susceptor has delaminated and oxidized in the presence 
of oxygen. 

[0014] The single layer coating on the carbon foam is essential to the invention. A single 
layer on solid graphite does not meet the susceptor criteria, as shown in Figure 2. The 
combination of the graphite foam with the single SiC or Group IVA metal layer provides 
the necessary properties for the susceptor. The low modulus of elasticity of the foam, 
in the range of approximately 160 to 200 Megapascals (Mpa), versus other foams and 
even graphites makes the foam very compliant and less susceptible to cracking during 
thermal gradients and thermal cycling. Also, the very high specific conductivity of the 
foam, in the range of approximately 100 to 150 Watts/meter-°K (W/m-°K), significantly 
reduces thermal gradients that contribute to cracking (steady state or cycling). 

[0015] It will be understood that the inventive articles can also be formed by other 
techniques similar in principle to the methods described in the foregoing examples. For 
example, the single layer coating can be plasma sprayed or painted onto the carbon 
foam, allowing very complex shapes to be coated. It will also be understood that the 
depth of infiltration can be controlled over a wide range by modifying process variables 
such as reactant gas flow rates, vacuum readings, processing times, foam pore size, 
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etc. Thus, skilled artisans can achieve the optimal combination of properties for a given 
application without undue experimentation. 
[0016] While there has been shown and described what are at present considered the 
preferred embodiments of the invention, it will be obvious to those skilled in the art that 
various changes and modifications can be made therein without departing from the scope 
of the inventions defined by the appended claims. 
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